ABSTRACT
change which is initiated in the apices of the mature plant and results in the reprogramming of the apical cells for the production of the juvenile form of growth.
The ability of GA3 to stimulate RNA synthesis has been well demonstrated in barley aleurone layers. Zwar and Jacobsen (25) have reported that the effects of GA3 were very small for ribosomal RNA and transfer RNA and comparatively large for RNA sedimenting between 5S and 14S. They termed the preferentially synthesized RNA, which is probably less than 1% of the total tissue RNA, gibberellic acid RNA, and concluded that a-amylase synthesis does not occur without the synthesis of this RNA. Thompson (24) has studied the RNA populations from GA3-treated and control dwarf pea seedlings using the technique of DNA-RNA hybridization. He was unable to detect changes in RNA species hybridizing to the redundant DNA sequences in response to GA3 in that system. However, in the same system, changes in transcription due to the addition of light were detectable. Dark-grown pea seedlings could not compete out a significant proportion of the RNA present in light-grown seedlings, indicating that the addition of light resulted in the activation of certain genes. In systems primarily involving the hormonal regulation of extension growth by auxin, similar results were obtained (23) . No changes in the RNA populations in response to auxin were detectable when hypocotyl segments were used. However, in intact plants, in which swelling and possibly auxin-induced differentiation ocCur, new RNA sequences were detected in response to 2, 4-D. These results support the idea that a greater degree of gene reprogramming is necessary during developmental processes such as those induced by light or cell differentiation than those in which cell elongation is the primary response. The system involving phase change in Hedera helix allows one to regulate a dramatic developmental change and may, therefore, be especially useful for the study of the control of transcription during plant development. The first step in the development of such a system was to determine if the moleCular basis of phase change lies on the transcriptional level. We have used the technique of DNA-RNA hybridization to directly study the RNA species present in juvenile, mature and juvenile and mature forms of Hedera helix were used as the source of juvenile and mature RNA in these studies. Juvenile vines were grown in a greenhouse bench under natural daylength and the 0.5 cm apical portion of the actively growing shoots were harvested. Mature apices were obtained by removing the terminal bud of mature shoots and allowing the lateral buds directly below the cut to become activated for 7 to 10 days. These buds were The DNA was dissolved in i1/i SSC, and contaminating RNA was removed by digestion with 20 ,ug/ml preheated pancreatic RNase at room temperature for 2 hr. Pronase (autodigested for 90 min at 37 C) was added to 20 ,g/ml, and the incubation was continued for 3 hr. NaClO, was added to 1 Figure 2 were obtained. The fact that the competition curve obtained in the presence of mature RNA plateaued at a value above that of the homologous juvenile RNA competition curve indicates that the juvenile RNA contains sequences not represented in the mature RNA ( Fig. 2A) . This experiment was repeated three times, and in each case the results indicated 13 to 20% of the sequences contained in juvenile RNA were absent in the mature RNA population. Sequences unique to the mature RNA population were not detected (Fig. 2B) .
The technique of in vitro labeling allows one to compare the total RNA populations including the more stable RNA species which would not be labeled following a short pulse. To further extend these studies, it was of interest to study the rapidly labeled RNA produced in juvenile and mature apices. Rapidly labeled RNA accounts for only a small proportion of the total cellular RNA and in short term labeling experiments is primarily localized in the nucleus (1, 7, 8 hance the yield of nuclear RNA. We, therefore, thought it essential to develop a hot phenol extraction procedure for our plant material. The procedure is based on the methods of Penman (19) and Georgiev et al. (9) . The results presented in Table I indicate that the hot phenol step does indeed result in the extraction of an additional RNA fraction and that this RNA has a higher specific radioactivity than that extracted from 0 to 55 C. The RNA extracted at 65 and 80 C comprised less than 10% of the total RNA but had a specific radioactivity 3 to 10 times higher than that of the RNA extracted at lower temperatures. In sucrose gradients this RNA sediments faster than 28S ribosomal RNA (unpublished results) and is, therefore, of high mol wt. RNA used in experiments described in Figures 1 and 2 was extracted at 4 C and, therefore, would not contain this RNA fraction. All the experiments presented in the remainder of this paper were conducted using RNA extracted by the hot phenol method.
In order to study the rapidly labeled RNA, either juvenile or mature buds were pulse labeled for 1 hr in the presence of "2Pi. The saturation curve obtained for "P pulse-labeled juvenile RNA indicated that saturation of the DNA sites, which are hybridizable in this assay, is approached at 1200 ,ug of RNA (Fig. 3) . When 180 ,ug of pulse-labeled juvenile RNA were used as reference in competition experiments, sequences represented only in the juvenile RNA could not be detected (Fig. 4A) . However, when similarly labeled mature RNA was used as reference a small difference in the competition curves using juvenile or mature competitor RNA was evident (Fig.  4B) . Juvenile RNA competed less efficiently than homologous mature RNA, indicating that some sequences present in the mature rapidly label RNA were either not present in the juve- Juvenile RNA was pulse labeled with 3"P for 1 hr and the RNA was purified by the hot phenol method outlined under "Materials and Methods." The interphase from the 55 C extraction was saved and successively re-extracted for 5 18 jug of GA3 which exhibited an average of 85% reversion to the juvenile form of growth. In the absence of competitor 210 cpm above background were hybridized. The hybridization conditions employed in these experiments would be expected to result in hybridization primarily to the repeated DNA sequences (6, 15, 17) . Unique sequences, due to their lower effective concentration, will not contribute measurably to the observed hybridization (4, 6, 16) . Furthermore, the fact that closely related sequences can cross react also leads to a minimum estimate of the differences between RNA populations. A more complete discussion of this subject has recently been presented by several investigators (6, 24) .
Many investigators have shown that hormone treatment of plant tissues can affect the rate of RNA synthesis (14) and that the template activity of isolated chromatin can be increased as a result of hormone treatment of intact plants (12) . It has recently been reported that purified protein factors have been isolated, which in conjunction with plant hormones and native plant RNA polymerase appear to regulate RNA transcription in vitro (18) . In order to unambiguously relate effects on RNA synthesis obtained in vitro to a physiological response one must show that the RNA products produced both in vivo and in vitro in response to the hormone are similar. Before such comparisons can be made it is essential to establish the relationship between RNA populations present in control and hormonetreated plants.
In the case of Hedera, the juvenile and mature forms represent two natural reference points. Therefore, our original work was carried out to study the RNA populations produced in juvenile and mature buds and was later extended to include buds from GA3-treated plants. When experiments were conducted using rapidly labeled RNA from juvenile or mature buds as reference, sequences unique to the juvenile form could not be detected. Reverse competition experiments suggested that the mature RNA contained a small proportion of sequences which were either not present in the juvenile RNA or present in only very low concentrations. The results indicate that some DNA sequences transcribed in the mature form are not active in the juvenile form.
RNA extracted from GA3-treated mature buds was a less effective competitor than mature control RNA at low levels of competitor RNA. The difference is small and comparable to that observed between mature and juvenile RNA. These differences may be due to either additional RNA sequences present in the GA3 mature RNA population, which dilute out the normal mature RNA, or the reduction in the rate of transcription from certain genes active in the mature which may have lowered their relative frequency in relation to the total RNA population. Therefore, the significance of these small quantitative differences in relation to phase change or GA3 induction of juvenile characteristics is not directly apparent from this experiment.
In order to extend our results to include the more stable RNAs a similar set of experiments was conducted with RNA extracted by the same hot phenol extraction procedure and labeled uniformly in vitro with 3H dimethyl sulfate. In these experiments, as before, no RNA sequences unique to the juvenile or GA3-treated mature buds could be detected (Fig. 6A) . A small difference was apparent in the slope of the competition curves for juvenile RNA and RNA from GA3-treated mature buds when compared to mature RNA (Fig. 6B) . The slope of the curve for GA3 mature RNA was more similar to that of the juvenile RNA than the mature RNA. Therefore, these small proportional differences (Figs. 5 and 6B ), which represent a minimum estimate of differences in the total RNA populations, suggest part of the molecular basis of phase change and GA3 indicating that some genes may be active in the mature form which are not active in the juvenile form. However, the RNA transcribed from these genes must represent a small proportion of the total RNA due to the fact that these qualitative differences are not detectable using uniformly labeled mature RNA. The small differences observed in the frequency distribution of RNA species, as judged by differences in the slopes of competition curves, indicate that at least part of the molecular basis of phase change and GA, action may involve an alteration in the rate of transcription of certain RNA sequences in the buds of the mature form.
